EEG-derived ictal networks were created among subjects with refractory mesial temporal lobe epilepsy using the previously published Synchrony Index. Distinct ictal network stages were identified that were consistent across seizures and subjects. Synchrony Index values during specific ictal stages were significantly lower in subjects with postoperative seizure freedom.
h i g h l i g h t s
EEG-derived ictal networks were created among subjects with refractory mesial temporal lobe epilepsy using the previously published Synchrony Index. Distinct ictal network stages were identified that were consistent across seizures and subjects. Synchrony Index values during specific ictal stages were significantly lower in subjects with postoperative seizure freedom.
a b s t r a c t
Objective: Exploration of emergent ictal networks was performed in homogeneous subjects with refractory medial temporal lobe epilepsy. Methods: Maximal Synchrony Index (SI) values were calculated for all electrode pairs for each second during 25 seizures and displayed as connectivity animations. Consistent temporal patterns of SI value and spatial connectivity were observed across seizures and subjects, and used to define a sequence of network stages. Results: Highest SI values were found in electrodes within the area of surgical resection. Analysis of these electrodes by network stage demonstrated lateral temporal cortex dominance at seizure initiation, giving way to hippocampal synchrony during the major portion of the seizure, with lateral temporal regions reemerging as the seizure terminated. SI values also corresponded to behavioral severity of seizures, and lower SI values were associated with post-surgical seizure freedom. Conclusion: SI based methods of network characterization consistently display the intrinsic MTLE ictal network and may be sensitive to clinical features. Significance: Consistency of EEG-derived network patterns is an important step as network features are applied towards improvement of clinical management. These data confirm consistency of network patterns within and across subjects and support the potential for these methods to distinguish relevant clinical variables. Ó 2013 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
One hypothesis to account for the third of patients with refractory mesial temporal lobe epilepsy (MTLE) with continued seizures after epilepsy surgery (Wiebe et al., 2001; Spencer et al., 2005; Barbaro et al., 2009 ) is that surgery may merely interrupt an epileptic network rather than eliminate a discrete ''epileptic focus '' (Bear et al., 1996; Bragin et al., 2000; Spencer 2002; Bertram, 2003; Bettus et al., 2009) . Understanding emergent network behavior may allow improved treatment selection for individual patients.
Analysis of synchronization of EEG patterns among brain regions is one method for examination of epileptic networks (Iasemidis et al., 1990; Valton et al., 2008; Wendling et al., 2010; Kramer et al., 2010; Ossadtchi et al., 2010) . For example, high synchrony has been shown in structures important to seizure initiation (Ding et al., 2006; Warren et al., 2010; Bartolomei et al., 2010; Van Mierlo et al., 2011) and in the context of seizure termination (Schindler et al., 2007; Kramer et al., 2010) . Other results suggest that interactions between mesial structures and neocortex are critical to sei-
